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Objective: We aimed to compare rescuer fatigue and cardiopulmonary resuscitation (CPR) quality between
standard 30:2 CPR (ST-CPR) and chest compression only CPR (CO-CPR) performed for 8 minutes on a realistic
manikin by following the 2010 CPR guidelines.
Methods: All 36 volunteers (laypersons; 18 men and 18 women) were randomized to ST-CPR or CO-CPR at first,
and then each CPR technique was performed for 8 minutes with a 3-hour rest interval. We measured the mean
blood pressure (MBP) of the volunteers before and after performing each CPR technique, and continuously monitored
the heart rate (HR) of the volunteers during each CPR technique using the MRx monitor. CPR quality measures included
the depth of chest compression (CC) and the number of adequate CCs per minute.
Results: The adequate CC rate significantly differed between the 2 groups after 2 minutes, with it being higher in the
ST-CPR group than in the CO-CPR group. Additionally, the adequate CC rate significantly differed between the 2 groups
during 8 minutes for male volunteers (p =0.012). The number of adequate CCs was higher in the ST-CPR group than in
the CO-CPR group after 3 minutes (p =0.001). The change in MBP before and after performing CPR did not differ
between the 2 groups. However, the change in HR during 8 minutes of CPR was higher in the CO-CPR group than
in the ST-CPR group (p =0.007).
Conclusions: The rate and number of adequate CCs were significantly lower with the CO-CPR than with the ST-CPR
after 2 and 6 minutes, respectively, and performer fatigue was higher with the CO-CPR than with the ST-CPR during 8
minutes of CPR.
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According to the 2010 cardiopulmonary resuscitation
(CPR) guidelines, all rescuers should provide chest com-
pressions (CC) to victims of cardiac arrest. In addition,
high quality chest compression, which is defined as a
compression depth of at least 5 cm and a rate of at least
100 CCs per minute, should be performed by a lay rescuer
or healthcare provider. This recommendation emphasizes* Correspondence: skyshiner@naver.com
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Therefore, the lay rescuer or healthcare provider may
become exhausted more quickly during CPR. Rescuer
fatigue may lead to inadequate CC rates and/or depth
[1,2]. Significant fatigue and shallow CCs are common
after 1 minute of CPR, although rescuers may not recognize
that fatigue is present for 5 minutes [2]. When 2 or more
rescuers are available, they can take turns in performing
CC by switching approximately every 2 minutes to prevent
decreases in the quality of CC. However, only 1 rescuer is
available for many cardiac arrest cases, specifically in thed. This is an Open Access article distributed under the terms of the Creative
ommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and
iginal work is properly credited. The Creative Commons Public Domain
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alone for a few minutes or more until the emergency
medical technicians (EMT) or healthcare provider ar-
rives at the scene. The 2010 CPR guidelines encourage
CC-only CPR (CO-CPR) for the untrained lay rescuer
owing to reluctance to perform mouth-to-mouth ventila-
tion for unknown victims of cardiac arrest, and because it
is a simplified method of CPR. Observational studies of
adults with cardiac arrest treated by lay rescuers have
shown similar survival rates among victims receiving
CO-CPR versus standard 30:2 CPR (ST-CPR) with
rescue breaths [3-7]. CO-CPR helps victims after sud-
den cardiac arrest with ventricular fibrillation because
the oxygen level in the blood remains adequate for the
first several minutes [8-10]. CO-CPR is not as effective
as ST-CPR for cardiac arrests of non-cardiac origin in
adults and children, and when prolonged CPR is needed
[11,12]. CCs combined with rescue breaths are therefore
the method of choice for CPR delivered by both trained
lay rescuers and professionals. There is no clinical study
on the comparison of single rescuer fatigue and CPR per-
formance between ST-CPR and CO-CPR according to the
2010 CPR guidelines. In this study, we aimed to compare
rescuer fatigue and CPR quality between ST-CPR and
CO-CPR performed on a realistic manikin according to
the 2010 CPR guidelines.
Methods
Study design
This study was a prospective randomized crossover simu-
lation trial conducted in a large urban training hospital.
This design was chosen to show differences in the fatigue
and performance level following 2 different CPR methods
by using each subject as his or her own control. This study
was approved by the Institutional Review Board of our
hospital, and written informed consent was obtained from
each participant.
Study setting and population
Before the main study, we conducted a pilot study to
compare the difference in CPR performance during 8
minutes of CPR. The pilot study showed a 30% differ-
ence in the adequate CC rate (more than 5 cm) during
8 minutes, ST-CPR had a higher rate of adequate CCs
than CO-CPR. The results of that study indicated that
a sample size of 35 subjects in each group was required
to show a difference between ST-CPR and CO-CPR
during 8 minutes of CPR with a power of 80% and a
significance level of 0.05. First year EMT university
students were recruited via a class presentation (18
men and 18 women). We explained to the participants
that the study compared fatigue and performance of 2
different types of CPR techniques performed for 8 minutes.
After all of the participants signed a consent form, theyparticipated in a layperson BLS training simulation course
for 3 hours.
Study protocol
Participants were grouped by gender and then random-
ized to either the ST-CPR group or the CO-CPR group
at first. ST-CPR was defined as 30:2 single rescuer CPR
(30 CCs at a rate of 110 per minute, followed by 2 venti-
lations and rescuers should give each rescue breath over
about 1 second) for 8 minutes, and CO-CPR was defined
as CO-CPR (continuous chest compression at a rate of
110 per minute) for 8 minutes. Participants of group 1
first performed ST-CPR and then CO-CPR after a 3-hour
rest. Participants of group 2 first performed CO-CPR and
then ST-CPR after a 3-hour rest. Participants of groups 1
and 2 were further divided into 4 classes according to the
gender and were assigned a test room number. Room 1
(male participants numbered 1 to 9 with 2 male examiners),
room 2 (male participants numbered 10 to 18 with 2 male
examiners), room 3 (female participants numbered 1 to 9
with 2 female examiners), and room 4 (female participants
numbered 10 to 18 with 2 female examiners). Each par-
ticipant performed 2 different types of CPR in the same
room after a 3-hour rest. The reason for separating the
groups into rooms was that electrodes for electrocardio-
graphic monitoring were attached to the upper body of
each subject by a same-gender examiner, and saving the
execution time was needed. We prepared 4 simulation
manikins with a portable computer and 4 electrocar-
diograph monitors for recording. After each participant
entered his or her assigned room, the examiner first mea-
sured his or her blood pressure and attached an electrode
to his or her trunk for continuous monitoring of the sub-
ject’s heart rate with an MRx monitor (HeartStart, Phillips,
Netherlands). The examiners then instructed the par-
ticipants to perform the appropriate CPR technique for
8 minutes. At the same time, an electronic metronome
with an audible beeping tone was used to guide the chest
compression rate. After each participant completed a CPR
session of 8 minutes, the examiner measured his or her
blood pressure.
Outcome measures
We measured the following baseline characteristics of
participants: age, gender, height (cm), weight (kg), and
body mass index. In addition, we assessed the following
clinical parameters of participants: blood pressure (mmHg;
before and after each type of CPR) and continuous heart
rate (beats per minute). We used Skill Reporter Resusci
Anne (Laerdal Medical, Stavanger, Norway) for all of the
participants. Compression depth, compression rate, num-
ber of CCs per minute, and change in compression depth
over time were measured to assess the CPR performance.
Compression depth was divided into more than 5 cm and
Table 1 Demographic characteristics of participants
Total Males Females
Number of subjects 36 18 18
Age (years) 18.7 ± 1.0 18.6 ± 0.7 18.8 ± 1.3
Height (cm) 169.2 ± 8.1 175.6 ± 4.3 162.8 ± 5.4
Weight (kg) 61.5 ± 8.7 67.5 ± 6.3 55.4 ± 6.4
BMI 21.4 ± 1.9 21.9 ± 1.8 20.9 ± 1.9
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more than 4 cm would be compared with that in previous
studies using the 2005 CPR guidelines. In addition, recoil
failure after chest compression (rate) and hands-off time
(seconds per 2 rescue breaths) were recorded. No subject-
ive fatigue scale measurement was taken. However, we
asked the participants to state, “I’m exhausted”, or to stop
CPR in the event that they experienced extreme fatigue
during each type of CPR. No such event occurred during
this study.
Data analysis
Data were analyzed using SPSS 20.0 (SPSS Inc., Chicago,
IL). Numerical data on basic characteristics and compres-
sion recoil failure were analyzed by the t-test. Differences
in the rate and number of adequate CCs per minute be-
tween the ST-CPR and CO-CPR groups were analyzed by
the paired t-test and generalized estimating equations for
changes in total periods. A p value <0.05 was considered
to be statistically significant.
Results
A total of 36 first-year EMT students were enrolled in this
study and they provided informed consent (Figure 1).
None of the participants were excluded between the time
of the layperson simulation course and the main study.
Demographic data of all participants are shown in Table 1.Figure 1 Study protocol.Comparison of the rate of adequate CCs according to
depth between groups
The rate of adequate CCs per minute was not signifi-
cantly different between the 2 types of CPR during the
first 1 minute (p =0.136), but it was significantly differ-
ent during each minute after 2 minutes (Table 2). How-
ever, the difference in the rate of adequate CCs per
minute between the 2 groups during the total 8 minutes
was not statistically significant (p = 0.384) (Figure 2A).
When the analysis was performed on the basis of gender,
the rate of adequate CCs was statistically significantly
different between the 2 groups during the total 8 minutes
for men (p =0.012), but not for women (p =0.271). The
rate of CCs with a depth of more than 4 cm per minute
was not significantly different between the 2 types of CPR
during the first and second minute (p = 0.572, p =0.093,
respectively), but it was significantly different after 3
minutes. However, the difference in the rate of CCs
with a depth of more than 4 cm per minute between
the 2 groups during the total 8 minutes was not statisti-
cally significant (p =0.078) (Figure 2B). When the analysis
was performed on the basis of gender, the rate of adequate
chest compressions with a depth of more than 5 cm was
significantly different between the 2 groups during the
total 8 minutes for male participants (p =0.021), but not
for female participants (p =0.763).
Comparison of the number of chest compressions
between groups
The total number of CCs per minute was higher in the
CO-CPR group than in the ST-CPR group (p <0.001)
(Table 3). This result reflects a time of 2 rescue breaths in
30:2 ST-CPR, and the mean hands-off time was 3.9 ± 4.1
seconds every 2 rescue breaths during ST-CPR. The num-
ber of adequate CCs was lower in the ST-CPR group than
in the CO-CPR group during the first 2 minutes, but it
was higher in the ST-CPR group after 3 minutes (Table 3,
Figure 3A). Furthermore, the difference in the number of
adequate compressions between the 2 groups was statisti-
cally significant during the full 8 minutes (p =0.001). The
number of CCs with a depth of more than 4 cm was lower
in the ST-CPR group than in the CO-CPR group during
the first 5 minutes, but it was higher in the ST-CPR
group after 6 minutes (Table 3, Figure 3B). In addition,
Table 2 The rate of chest compressions per minute according to each compression depth
Rate of chest compressions per minute with
a depth of more than 5 cm (mean ± SD, %)
Rate of chest compressions per minute with
a depth of more than 4 cm (mean ± SD, %)
Time (minute) ST-CPR CO-CPR p-value ST-CPR CO-CPR p-value
1 68 ± 39 60 ± 39 0.136 91 ± 21 89 ± 27 0.572
2 52 ± 45 41 ± 43 0.015 84 ± 28 74 ± 38 0.093
3 49 ± 46 32 ± 41 0.003 80 ± 34 65 ± 42 0.019
4 41 ± 42 25 ± 40 0.004 75 ± 36 59 ± 44 0.009
5 42 ± 23 23 ± 37 0.001 74 ± 36 54 ± 44 0.002
6 41 ± 44 21 ± 37 0.001 70 ± 41 49 ± 46 0.002
7 38 ± 42 18 ± 35 0.001 70 ± 41 44 ± 46 <0.001
8 38 ± 44 18 ± 35 0.001 68 ± 40 41 ± 45 <0.001
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with a depth of more than 4 cm between the 2 types of
CPR was significant during the total 8-minute period
(p =0.001).
Hemodynamic parameters and recoil failure
The change in the mean blood pressure before and after
each CPR was not significantly different between the 2
types of CPR (p =0.980). However, the change in the heart
rate before the start of CPR to the end of CPR was sig-
nificantly different between each type of CPR (p =0.001)
(Figure 4). When the analysis was performed on the
basis of gender, the change in the heart rate was signifi-
cantly different in the male and female participant
groups between the 2 CPR methods (p =0.015, p =0.021,
respectively). The change in the heart rate was also sta-
tistically significant during CPR (p =0.007). The rate of
recoil failure during the total 8 minutes was not signifi-
cantly different between the 2 types of CPR (p =0.958)
(Table 4).
Discussion
In this study, we found that the rate of adequate CCs
was higher in the ST-CPR group than in the CO-CPR
group after 2 minutes and the number of adequate CCs
was higher in the ST-CPR group than in the CO-CPR
group during the total 8 minutes of CPR. The heart rate
was increased more in the CO-CPR group than in the
ST-CPR group during the total 8 minutes.
The significance of chest compression compared with
ventilation and drug administration during CPR has
been emphasized over early defibrillation. The recom-
mended rate and depth of CC have increased (push hard
and push fast) according to the updated CPR guidelines.
The reason for this is that effective chest compression is
essential to provide blood flow during CPR [5-7,13,14].
Healthcare providers and laypersons have shown reluc-
tance to perform mouth-to-mouth ventilation for vic-
tims of cardiac arrest, and this remains a theoreticaland potential barrier to performing bystander CPR [15-18].
The simpler chest compression-only technique may help
overcome panic and hesitation to act. Therefore, CO-CPR
is encouraged for untrained lay-rescuers in the 2010 CPR
guidelines [19,20]. However, if the trained lay-rescuer or
healthcare provider is able to perform rescue breaths
between CC, he or she should add rescue breaths in a
ratio of 30 CCs to 2 breaths and continue CPR until an
automated external defibrillator arrives, emergency med-
ical service (EMS) providers take over care of the victim,
or an advanced airway is placed. There are many rescuers
and feedback systems, and the CPR leader can co-ordinate
rescuer change or control the overall CPR progress during
real advanced life support [20,21]. However, in real situa-
tions, other rescuers and feedback devices are not always
available; and only 1 bystander can perform CPR until the
EMTs or healthcare providers arrive at the scene. With
increasing urbanization, the time interval between the
call and EMS arrival is also increasing; therefore, the
lay-rescuer may have to perform longer CPR alone.
Delay to the initiation of BLS and advanced life support
intervention negatively affects the outcome from prehos-
pital cardiac arrest [22]. In a nationwide population-based
study of EMS-assessed out-of-hospital cardiac arrest and
CPR surveillance data, the median time intervals between
the call and EMS arrival and the call and hospital arrival
were found to be 6 minutes (interquartile range, 5–9 mi-
nutes) and 22 minutes (interquartile range, 16–30 mi-
nutes), respectively [22,23]. Consequently, guidelines were
modified to emphasize the depth and rate of CC and to
recommend CO-CPR for untrained lay-rescuers and sole
bystanders, potentially resulting in rescuer fatigue and
affecting chest compression quality. Further studies
comparing the outcomes of bystander CPR following
the 2005 vs. 2010 CPR guidelines should be performed
in the future.
In this study, male participants performed better than
female participants in terms of rate and number of ad-
equate chest compressions. In addition, the mean rate
Figure 2 The change in the rate and number of adequate chest compressions per minute with each CPR method. A. Chest compression
depth more than 5 cm. B. Chest compression depth more than 4cm.
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Table 3 The total number of CCs with each CPR method and the number of adequate chest compressions with each
compression depth and CPR method
Total number of chest
compressions
Adequate number of chest compressions
with a depth of more than 5cm
Adequate number of chest compressions
with a depth of more than 4 cm
Time (minute) ST-CPR CO-CPR p-value ST-CPR CO-CPR p-value ST-CPR CO-CPR p-value
1 80 ± 9 109 ± 6 0.001 55 ± 33 67 ± 44 0.048 73 ± 20 97 ± 29 <0.001
2 77 ± 7 110 ± 7 0.001 41 ± 35 45 ± 47 0.309 64 ± 23 81 ± 42 0.007
3 77 ± 9 110 ± 6 0.001 39 ± 36 35 ± 45 0.464 62 ± 28 71 ± 46 0.185
4 76 ± 9 110 ± 7 0.001 31 ± 32 27 ± 43 0.428 57 ± 29 65 ± 48 0.161
5 76 ± 9 110 ± 7 0.001 32 ± 34 25 ± 41 0.128 56 ± 29 60 ± 49 0.509
6 75 ± 9 111 ± 8 0.001 31 ± 35 20 ± 39 0.042 52 ± 33 51 ± 50 0.963
7 75 ± 9 111 ± 8 0.001 27 ± 32 17 ± 36 0.040 51 ± 33 45 ± 50 0.342
8 76 ± 10 111 ± 9 0.001 29 ± 34 17 ± 36 0.024 50 ± 32 41 ± 49 0.236
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during the 8 minutes of ST-CPR by male participants,
but it decreased to below 70% after only 2 minutes of
CO-CPR. In contrast, the mean rate of adequate CCs
per minute was decreased below 20% after 1 minute of
ST-CPR and CO-CPR in female participants. Therefore,
there was a clear difference in CPR performance be-
tween male and female participants. These results are in
agreement with a previous simulation study performed
in accordance with the 2005 guidelines, which showed a
significant gender difference in the time-dependent
change in mean proportion of correct CCs [24]. However,
the gender difference in the chest compression quality
was wider in our study following the 2010 guidelines than
in the previous study following the 2005 guidelines.Figure 3 The change in number of adequate chest compressions with
B. Chest compression depth more than 4cm.Therefore, when a female layperson is educated for
bystander CPR, the instructor should consider this gender
difference in CPR performance. In many studies, bystander
CPR was found to influence the CPR outcome [25-28].
Therefore, the recent CPR guidelines should recommend
bystander CPR for BLS with ST-CPR or CO-CPR. If
the CPR performance quality of female bystanders is
significantly lower than that of male bystanders in real
situations, a difference in the CPR outcome may occur.
Further studies assessing the effect of bystander’s gender
on the CPR outcome should be performed.
In this study, during the 8-minute long experiment,
the number of CCs during ST-CPR was higher than that
during CO-CPR after 6 minutes with a 4 cm depth
and after 2 minutes with a 5 cm depth. This meanseach CPR method. A. Chest compression depth more than 5 cm.
Figure 4 The change in heart rate with each CPR method.
Table 4 The percentage of recoil failure after chest compression and the hands-off time during 8 minutes
ST-CPR (mean ± SD) CO-CPR (mean ± SD) p-value
Recoil failure after chest compression (%) 2.2 ± 12.1 2.4 ± 9.4 0.958
Hands-off time for each ventilation pause (s) 3.9 ± 4.1 0 .
Shin et al. Scandinavian Journal of Trauma, Resuscitation and Emergency Medicine 2014, 22:59 Page 7 of 9
http://www.sjtrem.com/content/22/1/59
Shin et al. Scandinavian Journal of Trauma, Resuscitation and Emergency Medicine 2014, 22:59 Page 8 of 9
http://www.sjtrem.com/content/22/1/59that ST-CPR may be useful during bystander CPR with
a 5 cm depth of chest compression according to the
2010 CPR guidelines. Typically, only 1 rescuer is available
to perform CPR unassisted on a patient with cardiac arrest
before the arrival of EMT or healthcare providers; there-
fore, in this context, ST-CPR may be more useful in pro-
viding effective CC than CO-CPR in patients.
The heart rate of the participants, which may reflect
CPR fatigue, was continuously measured in our study.
The increase in the heart rate was higher with CO-CPR
than with ST-CPR during 8 minutes of CPR. Rescuer
fatigue may occur more quickly in cases of bystander
CO-CPR compared to ST-CPR in the absence of another
rescuer. Recent studies on CPR fatigue have generally used
an objective fatigue scale, such as the visual analogue scale
[29,30]. However, this objective method for measuring fa-
tigue may be inaccurate owing to differences in individual
thresholds of fatigue. Our measurement of heart rate was
the first objective analysis of the effects of fatigue during 1
rescuer CPR according to the 2010 CPR guidelines.
In a previous study in a small number of CPR-trained
bystanders performing CPR, the common reasons cited
for not performing CPR were panic and inability to
perform CPR correctly [31]. In addition, the previously
reported reasons for not performing CPR (mouth-to-
mouth, infectious-disease risk) were not the reasons
which the bystanders cited for not performing CPR. In
such a case, high quality CPR training for laypersons
should be carried out, which emphasizes real simulations,
motivation, and confidence development for CPR methods
other than CO-CPR. According to the results of our
8-minute simulation study, rescuer fatigue can develop
quickly and rescuer performance is lower in CO-CPR than
in ST-CPR. Therefore, CPR educators and learners should
remember these points, and a further study is needed for
determining which CPR method is more effective during
the dispatcher-assisted CPR according to the field situ-
ation and the degree of CPR education of laypersons.
Limitations
This study has some limitations. Firstly, this is a manikin
study; therefore, the adequate depth of CC may be dif-
ferent from that in CPR for a real cardiac arrest patient
in consideration of chest stiffness and damping [32]. In
addition, the participant’s attitude towards manikin CPR
may be different from that towards actual CPR. Secondly,
the participants in this study were younger than the
average bystander. In addition, participants in this study
belonged to a homogeneous age group, but the average
bystander is heterogeneous in terms of age. A further
study including various human groups is needed. Thirdly,
the time period of bystander CPR before EMT arrival may
be longer than 8 minutes. Because we only investigated
the changes over 8 minutes, we cannot conclude aboutthe differences in quality between ST-CPR and CO-CPR
on the basis of 2010 CPR guidelines after more than 8 mi-
nutes of CPR.
Conclusion
The rate of adequate chest compressions per minute was
lower with CO-CPR than with ST-CPR during 8 minutes
of CPR. Specifically, although the number of adequate
chest compressions was higher with CO-CPR than with
ST-CPR during the first 2 minutes, it was higher with
ST-CPR than with CO-CPR after 3 minutes. The in-
crease in the heart rate was higher with CO-CPR than
with ST-CPR during 8 minutes of CPR. The decreasing
rate of adequate CCs per minute between ST-CPR and
CO-CPR was significant in male participants. In contrast,
women did not adequately perform CC from the start of
CPR with either of the CPR methods.
Competing interests
The authors declare that they have no competing interests.
Authors’ contributions
JS participated in study design, running the simulations, statistical analyses,
and manuscript writing, SYH and JJK participated in statistical analyses; HJL,
CJP, YJK, YJS, JSS, JEL, IML, BYK, and SGH participated in running the
simulations. All authors read and approved the final manuscript.
Acknowledgements
We would like to thank the Dongnam Emergency Medical Technology
students who participated in this study and all Dongnam Emergency
Medical Technology professors for allowing them to participate in this study.
We would also like to thank the CPR education team of our hospital.
Author details
1Department of Emergency Medicine, Seoul Metropolitan Government-Seoul
National University Boramae Medical Center, Seoul, South Korea.
2Department of Emergency Medicine, Sungkyunkwan University School of
Medicine, Samsung Changwon Hospital, Changwon, South Korea.
3Department of Emergency Medicine, Gachon University Gill Hospital,
Incheon, South Korea. 4Depatment of Emergency Medical Technology,
Dongnam Health University, Suwon, South Korea.
Received: 3 June 2014 Accepted: 2 October 2014
References
1. Sugerman NT, Edelson DP, Leary M, Weidman EK, Herzberg DL, Vanden
Hoek TL, Becker LB, Abella BS: Rescuer fatigue during actual in-hospital
cardiopulmonary resuscitation with audiovisual feedback: a prospective
multicenter study. Resuscitation 2009, 80:981–984.
2. Manders S, Geijsel FE: Alternating providers during continuous chest
compressions for cardiac arrest: every minute or every two minutes?
Resuscitation 2009, 80:1015–1018.
3. Sayre MR, Berg RA, Cave DM, Page RL, Potts J, White RD: Hands-only
(compression-only) cardiopulmonary resuscitation: a call to action for
bystander response to adults who experience out-of-hospital sudden
cardiac arrest: a science advisory for the public from the American heart
association emergency cardiovascular care committee. Circulation 2008,
117:2162–2167.
4. Olasveengen TM, Wik L, Steen PA: Standard basic life support vs.
continuous chest compressions only in out-of-hospital cardiac arrest.
Resuscitation 2008, 52:914–919.
5. Bohm K, Rosenqvist M, Herlitz J, Hollenberg J, Svensson L: Survival is similar
after standard treatment and chest compression only in out-of-hospital
bystander cardiopulmonary resuscitation. Circulation 2007, 116:2908–2912.
Shin et al. Scandinavian Journal of Trauma, Resuscitation and Emergency Medicine 2014, 22:59 Page 9 of 9
http://www.sjtrem.com/content/22/1/596. Iwami T, Kawamura T, Hiraide A, Berg RA, Hayashi Y, Nishiuchi T, Kajino K,
Yonemoto N, Yukioka H, Sugimoto H, Kakuchi H, Sase K, Yokoyama H,
Nonogi H: Effectiveness of bystander-initiated cardiac-only resuscitation
for patients with out-of-hospital cardiac arrest. Circulation 2007,
116:2900–2907.
7. SOS-KANTO study group: Cardiopulmonary resuscitation by bystanders
with chest compression only (SOS-KANTO): an observational study.
Lancet 2007, 369:920–926.
8. Berg RA, Kern KB, Hilwig RW, Berg MD, Sanders AB, Otto CW, Ewy GA:
Assisted ventilation does not improve outcome in a porcine model of
single-rescuer bystander cardiopulmonary resuscitation. Circulation 1997,
95:1635–1641.
9. Berg RA, Kern KB, Hilwig RW, Ewy GA: Assisted ventilation during
‘bystander’ CPR in a swine acute myocardial infarction model does not
improve outcome. Circulation 1997, 96:4364–4371.
10. Tang W, Weil MH, Sun S, Kette D, Kette F, Gazmuri RJ, O’Connell F, Bisera J:
Cardiopulmonary resuscitation by precordial compression but without
mechanical ventilation. Am J Respir Crit Care Med 1994, 150:1709–1713.
11. Kitamura T, Iwami T, Kawamura T, Nagao K, Tanaka H, Nadkarni VM, Berg RA,
Hiraide A: Conventional and chest compression only cardiopulmonary
resuscitation by bystanders for children who have out-of-hospital cardiac
arrests: a prospective, nationwide, population-based cohort study. Lancet
2010, 17:1347–1354.
12. Kitamura T, Iwami T, Kawamura T, Nagao K, Tanaka H, Hiraide A:
Bystander-initiated rescue breathing for out-of-hospital cardiac
arrests of noncardiac origin. Circulation 2010, 122:293–299.
13. Olasveengen TM, Wik L, Steen PA: Standard basic life support vs.
continuous chest compressions only in out-of-hospital cardiac arrest.
Acta Anaesthesiol Scand 2008, 52:914–919.
14. Ong ME, Ng FS, Anushia P, Tham LP, Leong BS, Ong VY, Tiah L, Lim SH,
Anantharaman V: Comparison of chest compression only and standard
cardiopulmonary resuscitation for out-of-hospital cardiac arrest in
Singapore. Resuscitation 2008, 78:119–126.
15. Ornato JP, Hallagan LF, McMahan SB, Peeples EH, Rostafinski AG: Attitudes
of BCLS instructors about mouth-to-mouth resuscitation during the AIDS
epidemic. Ann Emerg Med 1990, 19:151–156.
16. Brenner BE, Van DC, Cheng D, Lazar EJ: Determinants of reluctance to
perform CPR among residents and applicants: the impact of experience
on helping behavior. Resuscitation 1997, 35:203–211.
17. Hew P, Brenner B, Kaufman J: Reluctance of paramedics and emergency
medical technicians to perform mouth-to-mouth resuscitation. J Emerg
Med 1997, 15:279–284.
18. Sirbaugh PE, Pepe PE, Shook JE, Kimball KT, Goldman MJ, Ward MA, Mann
DM: A prospective, population-based study of the demographics,
epidemiology, management, and outcome of out-of-hospital pediatric
cardiopulmonary arrest. Ann Emerg Med 1999, 33:174–184.
19. Berg RA, Hemphill R, Abella BS, Aufderheide TP, Cave DM, Hazinski MF,
Lerner EB, Rea TD, Sayre MR, Swor RA: Part 5: adult basic life support: 2010
American heart association guidelines for cardiopulmonary resuscitation
and emergency cardiovascular care. Circulation 2010, 122:S685–S705.
20. Nolan JP, Soar J, Zideman DA, Biarent D, Bossaert LL, Deakin C, Koster RW,
Wyllie J, Böttiger BNolan JP, Soar J, Zideman DA, Biarent D, Bossaert LL,
Deakin C, Koster RW, Wyllie J, Böttiger B: European resuscitation council
guidelines for resuscitation 2010 section 1. Executive summary.
Resuscitation 2010, 81:1219–1276.
21. Yang CW, Wang HC, Chiang WC, Hsu CW, Chang WT, Yen ZS, Ko PC, Ma
MH, Chen SC, Chang SC: Interactive video instruction improves the
quality of dispatcher-assisted chest compression-only cardiopulmonary
resuscitation in simulated cardiac arrests. Crit Care Med 2009, 37:490–495.
22. Vukmir RB: Survival from prehospital cardiac arrest is critically dependent
upon response time. Resuscitation 2006, 69:229–234.
23. Ro YS, Shin SD, Song KJ, Lee EJ, Kim JY, Ahn KO, Chung SP, Kim YT, Hong
SO, Choi JA, Hwang SO, Oh DJ, Park CB, Suh GJ, Cho SI, Hwang SS: A trend
in epidemiology and outcomes of out-of-hospital cardiac arrest by
urbanization level: a nationwide observational study from 2006 to 2010
in South Korea. Resuscitation 2013, 84:547–557.
24. Hong DY, Park SO, Lee KR, Baek KJ, Shin DH: A different rescuer changing
strategy between 30:2 cardiopulmonary resuscitation and hands-only
cardiopulmonary resuscitation that considers rescuer factors: a randomized
cross-over simulation study with a time-dependent analysis. Resuscitation
2012, 83:353–359.25. Hollenberg J, Herlitz J, Lindqvist J, Riva G, Bohm K, Rosenqvist M, Svensson
L: Improved survival after out-of-hospital cardiac arrest is associated with
an increase in proportion of emergency crew–witnessed cases and
bystander cardiopulmonary resuscitation. Circulation 2008, 1(18):389–396.
26. Iwami T, Nichol G, Hiraide A, Hayashi Y, Nishiuchi T, Kajino K, Morita H,
Yukioka H, Ikeuchi H, Sugimoto H, Nonogi H, Kawamura T: Continuous
improvements in “chain of survival” increased survival after out-of-hospital
cardiac arrests: a large-scale population-based study. Circulation 2009,
119:728–734.
27. Kitamura T, Iwami T, Kawamura T, Nagao K, Tanaka H, Berg RA, Hiraide A:
Time-dependent effectiveness of chestcompression-only and conventional
cardiopulmonary resuscitation for out-of-hospital cardiac arrest of
cardiacorigin. Resuscitation 2011, 82:3–9.
28. Kitamura T, Iwami T, Kawamura T, Nitta M, Nagao K, Nonogi H, Yonemoto
N, Kimura T: Nationwide improvements in survival from out-of-hospital
cardiac arrest in Japan. Circulation 2012, 126:2834–2843.
29. McDonald CH, Heggie J, Jones CM, Thorne CJ, Hulme J: Rescuer fatigue
under the 2010 ERC guidelines, and its effect on cardiopulmonary
resuscitation (CPR) performance. Emerg Med J 2013, 30:623–627.
30. Min MK, Yeom SR, Ryu JH, Kim YI, Park MR, Han SK, Lee SH, Cho SJ: A 10-s
rest improves chest compression quality during hands-only cardiopulmonary
resuscitation: A prospective, randomized crossover study using a manikin
model. Resuscitation 2013, 84:1279–1284.
31. Swor R, Khan I, Domeier R, Honeycutt L, Chu K, Compton S: CPR training
and CPR performance: do CPR-trained bystanders perform CPR. Acad
Emerg Med 2006, 13:596–601.
32. Nysaether JB, Dorph E, Rafoss I, Steen PA: Manikins with human-
likechestproperties–a new tool for chest compression research.
IEEE Trans Biomed Eng 2008, 55:2643–2650.
doi:10.1186/s13049-014-0059-x
Cite this article as: Shin et al.: Comparison of CPR quality and rescuer
fatigue between standard 30:2 CPR and chest compression-only CPR: a
randomized crossover manikin trial. Scandinavian Journal of Trauma,
Resuscitation and Emergency Medicine 2014 22:59.Submit your next manuscript to BioMed Central
and take full advantage of: 
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at 
www.biomedcentral.com/submit
